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論 文 内 容 要 旨          
Imaging is one of the important functions of modern radar, which mainly includes 
high-range-resolution imaging, real-aperture-radar imaging, and synthetic-aperture-radar (SAR) 
imaging. By exploiting the relative movement between the radar platform and the target, SAR can 
achieve a large synthetic aperture without using a lot of antenna elements as used in a phased-array, 
while the antenna size is not necessarily large. Among different SAR systems on different platforms, 
ground-based SAR (GB-SAR) has been extensively applied for contactless, real-time, continuous, 
high-resolution, and high-accuracy imaging and displacement estimation purposes. Although has 
been rapidly developed to a mature technique and has been successfully employed for various 
applications during the last two decades, such as instability measurement of open pit mines, 
landslides, rockslides, and dams, assessing of urban civil structures, and monitoring of glaciers, 
volcanos, and avalanches, the practical performance of GB-SAR should be and can be further 
improved, which is the main motivation of this work. This thesis intends to contribute to the data 
acquisition period reduction, imaging quality improvement, and system flexibility increasing for 
GB-SAR. 
Chapter 2 introduces the basic principles of GB-SAR imaging and interferometry. Stepped 
frequency continuous waveform (SFCW) and frequency modulated continuous waveform (FMCW) 
used for GB-SAR high range resolution imaging are first introduced. Several classical matched 
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filtering based imaging algorithms, such as back projection algorithm (BPA), range migration 
algorithm (RMA), and far-field pseudo-polar format algorithm (FPFA), are reviewed. The problems 
and limitations of GB-SAR, e.g., long data acquisition period, high-level imaging sidelobes and 
artifacts, and relatively low system flexibility, are summarized. Compressive sensing (CS) theory is 
then introduced. A dimension-reduced CS based method with the model of multiple measurement 
vectors (MMV) is proposed for GB-SAR imaging to reduce the data acquisition time and improve 
the imaging performance. Compared to the conventional matched filtering based GB-SAR imaging 
methods, the proposed method can achieve accurate and sidelobe-reduced displacement estimation 
results with the under-sampled data. Compared to existing CS based GB-SAR imaging methods, the 
accuracy of displacement estimation and the calculation speed can be improved. 
Chapter 3 presents the developed linear and cross multiple-input-multiple-output (MIMO) radar 
systems for 2D and 3D target imaging with an increased data acquisition rate. According to the 
phase center approximation (PCA) and the polynomial factorization (PF) method, MIMO array 
design methods are introduced. With Vivaldi antennas, Spiral antennas, integrated SFCW transceiver, 
switches, micro-controllers, and vector network analyzer (VNA), several MIMO radar systems are 
fabricated. Their parameters, e.g., working frequency, bandwidth, frequency steps, synthetic aperture 
length, and spatial (range and azimuth) resolutions are provided. Some classical GB-SAR algorithms 
are modified for MIMO radar 2D and 3D imaging. Practical performance of the developed MIMO 
radar systems is then evaluated by various experiments. Then, two advanced sparsity-based imaging 
methods for 2D and 3D MIMO radar imaging are proposed. Experiment results demonstrate the 
effectiveness and advantages of the proposed methods over conventional methods. At last, the 
practical problems and applications of the proposed methods are also discussed. 
Chapter 4 shows the applications of the developed MIMO radar systems in practice. At first, the 
negative influences of strong artifacts caused by the matched filter based imaging algorithms and the 
system errors are analyzed. The influences of systems errors, such as channel time delay error, 
phase/gain difference, and antenna position error, are analyzed in the beginning. Then, calibration 
approaches, amplitude windowing, and post-filtering based methods, e.g., Wiener, coherence factor 
(CF) and phase CF (PCF) post-filters, are used to effectively suppress the artifacts. A 2D 
displacement vector estimation method is then proposed by using two MIMO arrays at the same time, 
whose estimation precision is analyzed based on simulations, based on which the spatial baseline 
between two MIMO arrays can be determined. At last, together with a commercial radar system (a 
24 GHz FMCW based MIMO radar system), the displacements of a tunnel are measured by the 
developed MIMO radar system with a short period of 72 s and a long period of 16.5 hours. The 
results are analyzed and cross-validated. Some discussions about how to improve the practical 
performance of these two MIMO radar systems (developed one and commercial one) are presented.   
In Chapter 5, the fundamentals of passive bistatic radar (PBR) are studied to reduce the cost and 
improve the flexibility of active radar. Some existing commercial non-cooperative signals, such as 
terrestrial/satellite digital TV signal and WiFi signal, are introduced and their characteristics are 
assessed by their ambiguity functions. The signal processing procedures of PBR for moving target 
detection and stationary target imaging are discussed. A key technique, i.e., reference signal 
reconstruction and modification, is then presented for Japan Integrated Services Digital 
Broadcasting-Terrestrial (ISDB-T) signal to effectively suppress the strong sidelobes in the 
delay-Doppler domain. Then, a high-resolution real-time range-Doppler map generation method is 
proposed for moving target detection and evaluated by field experiment. It is shown that the 
proposed method can achieve a better performance than the classical batch algorithm in terms of 
Doppler resolution and sidelobe level. Its computing complexity is much lower than the existing CS 
based algorithm, enabling the real-time RD map generation. At last, a direct path interference (DPI) 
suppression method is proposed. By using the IEEE 802.11n WiFi signal as the IO source, 
simulations and experiments of passive bistatic SAR imaging of stationary targets are carried out to 
show the effectiveness and advantages of the proposed DPI suppression method. 
In Chapter 6, based on previous studies of GB-SASR, MIMO radar, and PBR, a passive bistatic 
GB-SAR (PB-GB-SAR) system is developed. The system structure is introduced and its basic 
parameters are selected based on link budget analysis and simulations. Then, the proposed frequency 
and phase synchronization method of multiple commercial-off-the-shelf (COTS) low noise blocks 
(LNBs) and the modified imaging algorithms (e.g., BPA, RMA, and FPFA) for PB-GB-SAR are 
validated. Super-spatially variant apodization (Super-SVA), low-rankness matrix completion (MC), 
and sparsity-based methods are then proposed to fill the frequency gaps among different TV 
channels to increase the range resolution without generating high-level artifacts. At last, experiment 
results of target imaging and displacement estimation are presented. It is found that various targets 
(e.g., light poles, trees, houses, cars and bicycles) within 100 meters can be well imaged by the 
developed PB-GB-SAR system. The proposed frequency gap filling method can effectively suppress 
the artifacts and achieve a better SAR imaging quality than conventional methods. With a 
cooperative target (a trihedral corner reflector sledded on a linear positioner), it is observed that the 
displacement of the target can be estimated by the developed PB-GB-SAR system with 
sub-millimeter accuracy. 
The thesis structure is given in Fig. 1. It should note that the thesis is divided into two parts, i.e., 
active part and passive part. However, these two parts are not separated but related to each other. The 
proposed methods for active MIMO radar imaging quality improvement can also be used for 
PB-GB-SAR imaging, while the proposed frequency gap filling methods for passive radar can be 
easily extended for active MIMO radar imaging. Moreover, both active radar and passive radar are 
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 よって，本論文は博士( 学術 )の学位論文として合格と認める。 
 
    
 
